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A B S T R A C T
The objective of this research is to examine whether there is a relationship between the value of attributes based
on the market price and on consumer utilities. To address this objective, the results from a hedonic price (HP) ap-
proach are combined with the actual consumer utilities from a real choice experiment (RCE) for extra virgin olive
oil (EVOO) attributes. The results indicate that the origin of production attribute positively influences consumer
utility and it is also positively related to market EVOO prices. Conversely, the PDO quality certification positively
influences consumer utility and willingness to pay, although it is not related to EVOO prices in the real market.
1. Introduction
At the beginning of the 21st century, the law of demand in food pro-
duction supplanted the law of supply. Agricultural organisations and the
agri-food industry must adapt to consumers’ highly diversified expecta-
tions. In addition, consumers expect to be fully informed about the prod-
ucts they purchase. They demand healthy products that taste good and
take into consideration social, ethical and environmental issues in terms
of production practices and traditional production methods (Duquesne
et al., 2006). Under this framework, the agro-food sector must contin-
ually seek strategic orientations to differentiate products, not only in the
sense of increasing production but rather towards diversifying food sup-
ply by promoting attributes that are valued by consumers. Olive oil is an
example of a product where greater differentiation has been associated
with increased production and consumption worldwide.
Spain is by far the largest olive oil producer in the world, ac-
counting for 40% of worldwide production, of which 80% is concen-
trated in southern Spain (MECS - Ministry of Education, Culture
and Sports, 2017). Traditionally, olive oil consumption has been as-
sociated with gastronomic customs, being an essential ingredient in
the Mediterranean diet (Dios-Palomares and Martínez-Paz, 2011;
Sayadi et al., 2016). Consequently, consumption that was tradition-
ally restricted to the Mediterranean area (mainly in Spain, Greece,
and Italy who produce 68% and consume 45%) is currently increas-
ing in non-producing countries or emerging markets (especially USA,
Canada, Australia, China, Japan, Argentina, Brazil, Chile, and Mexico)
(Karanikolas et al., 2018; Roselli et al., 2016; Sayadi et al., 2016).
The increase in consumption through these emerging markets is also re-
flected in the significant changes observed in the structure of world con-
sumption and exports of olive oil (IOC - International Olive Council,
2019). More precisely, the average export in the last five seasons (from
2013 to 2014 to 2017–2018) was 846,100 tonnes (t), which is 17.4%
higher than in the previous five years (720,600t), and 35.6% more than
in the previous two quinquennials (623,800t) (García-Galán et al.,
2019).
One of the reasons for the increasing demand for olive oil is linked
to increasing consumer awareness of the health benefits provided by
the Mediterranean diet, in which olive oil is the main source of dietary
fat (Salas-Salvadó et al., 2018). Medical research has revealed that
regular olive oil consumption is significantly associated with lowered
blood pressure and cholesterol (Storniolo et al., 2017), reducing the
risk of certain cancers (Reboredo-Rodríguez et al., 2018), prevent-
ing cardiovascular disease (Salas-Salvadó et al., 2018), and assisting
calcium absorption (Clodoveo et al., 2014; Xiong et al., 2014). Yet,
besides the health benefits, preferences between consumers from the
traditionally producing countries and those from the emerging markets
have significantly changed. While in non-producing countries the con
Abbreviations: EVOO, extra virgin olive oil; PDO, protected designation of origin; RCE, real choice experiment; HP, hedonic price; WTP, willingness to pay.
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sumption of olive oil has increased enormously from low levels, Mediter-
ranean countries, where consumption was relatively high, are now fac-
ing a shift towards the consumption of higher quality olive oils and,
more specifically, extra virgin olive oils (EVOOs).
Regardless of the dynamism that EVOOs have been experiencing in
the Spanish market, to the best of our knowledge, there is limited re-
search that analyzes the extrinsic quality of EVOOs in Spain to provide
knowledge about the price and the attributes that affect prices. More
precisely, only Cabrera et al. (2015) examine the price structure for
EVOO in Spain. Therefore, we address this gap by estimating recent
market values for a high range of EVOO retail prices in the Spanish
market by using a hedonic price (HP) approach. In Spain, use of the
hedonic price approach in the food sector has been limited to studies
by Ballco and de-Magistris (2018) on yogurts with nutritional and
health claims, Sanjuán-López et al. (2009) on saffron, Gracia and
Perez y Perez (2004) and Loureiro and McCluskey (2000) on veal,
and Sánchez et al. (2000) on red wine.
Given the above, the objective of this research is to examine whether
there is a relationship between the value of attributes based on price
based on consumer utility. To respond to this objective, the results of
the market valuation from an HP approach are combined with the ac-
tual consumer utilities from a real choice experiment (RCE). It is demon-
strated in the literature that the HP method is an appropriate tool to
determine the value of different EVOO attributes (Romo-Muñoz et al.,
2015). The estimation of an HP function has the advantage of working
with real products that are available to consumers in the marketplace
and to estimate the value placed on each EVOO attribute and which of
them contribute to the differentiation process (Cabrera et al., 2015).
Although the price is not always the most important attribute to affect
choices, it plays an important role in the exchange relationship between
the retailer and the consumer and it is one of the most determinant vari-
ables in the decision to purchase the product (Angulo et al., 2000;
González and Melo, 2008). Therefore, knowledge about price and the
value of attributes will guide company pricing policy efforts and directly
affect product demand. Hence, we first analyze the value placed on each
EVOO attribute based on its price in the marketplace (Zaragoza-Spain)
using an HP approach and then increase complexity by analyzing the
value of the EVOO attributes based on consumer utility from the same
marketplace through an RCE. Since we analyze the values of EVOO at-
tributes at a local level (marketplace and consumers in Zaragoza-Spain),
we expect to find a relationship between the highest valued EVOO at-
tribute-based price and the highest valued EVOO attributes based on
consumer utility. In particular, the main interest of the paper is assessing
the ability of production origin (county, region, Spain) and its guarantee
through the protected designation of origin (PDO) certification, as dif-
ferentiation tools.
To the best of our knowledge, this is the first research that combines
an HP approach with RCE to examine whether there is a relationship
between the attribute valuation using market prices and the actual con-
sumer utility for EVOO quality attributes. The outcomes from the com-
bination of these two approaches are expected to improve knowledge
about the value of EVOO quality attributes and to support producers in
the development of new products and in the communication of those
characteristics that matter the most to consumers.
1.1. Background: consumer preferences for olive oil quality attributes
Previous research exploring the consumption behavior for olive oil
suggested that preferences differ not only between countries but also be-
tween regions. Table 1 contains a review of previous studies within the
last 5 years, exploring consumer preferences for olive oil quality attrib-
utes and their key findings. The results of these studies are mixed re-
garding the degree of importance attached to specific attributes.
Table 1
Previous research (within the last 5 years), exploring consumer preferences for olive oil
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The Spanish and the
imported USA EVOOs were
characterized by having
bitter, pungent, and
greener notes, and were
preferred by the Spanish
consumers. The USA
consumers liked the bland
Spanish refined olive oil,
and the Californian olive
oil that was characterized
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attribute was not highly
valued or appreciated
by Spanish consumers.
For example, in Castile La-Mancha (Spain), Bernabéu and Díaz
(2016) explored consumer preferences for olive oil and identified the
main attributes of differentiation. The most important attributes that
affected the purchase decision were low-priced oils, the EVOO type
of oil, and ones that carried organic certification. Conversely, in Cat-
alonia (north-east Spain), Yangui et al. (2016) investigated the role
of psychological factors in building the consumer's behavioral deci-
sion process towards EVOO and found disutility for organic oils. Sim-
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manca, Ovieo and Valencia), Torres-Ruiz et al. (2018) examined the
barriers to consuming organic EVOO and found that organic certifica-
tion was not highly valued or appreciated by Spanish consumers. Con-
cerning the origin of production and the PDO quality certifications, in
Zaragoza (Spain), Ballco et al. (2015) examined consumer preferences
for EVOO and assessed WTP estimates using an RCE. Results indicated
that price was the most important attribute, followed by the origin of
production and the PDO quality certification. In Catalonia (Spain), Yan-
gui et al. (2014) found similar results (i.e., price and product origin)
for EVOOs, using a discrete choice experiment (DCE). In the Andalu-
sian region (Spain), Cabrera et al. (2015), using an HP approach, il-
lustrated that labels indicating the acidity level, the olive variety, and
those carrying the Andalusian logo for quality certification increased
EVOO prices. The European PDO quality certification did not affect
EVOO prices. Again in Andalusia (Spain), Sayadi et al. (2016) iden-
tified consumer requirements regarding different quality attributes of
olive-oil through a quality function deployment approach. Results iden-
tified that, as well as olive oil farming practices, consumers valued the
organoleptic aspects of the olive oil (e.g., acidity level, flavor, color),
sociocultural aspects (e.g., creating employment in rural areas), and en-
vironmental factors (e.g., environmental externalities). Finally, in terms
of organoleptic characteristics, through a mapping of preferences ap-
proach, Vázquez-Araújo et al. (2014) compared consumer prefer-
ences for Spanish and US consumers. Results revealed that bitter, pun-
gent and greener notes were mostly preferred by Spanish consumers,
while refined oils, fruity, floral, and sweet notes were preferred by US
consumers.
In comparison to the high diversity of Spanish consumer preferences,
studies conducted in Italy show more homogeneity in terms of prefer-
ences for olive oil quality attributes. For instance, Panico et al. (2014)
investigated consumer preferences for EVOO in Italy and suggested that
the PDO and PGI quality certification, organic certification, produc-
tion methods and organoleptic characteristics highly affected purchase
decisions. Del Giudice et al. (2015) used a meta-analysis of con-
sumers’ stated preferences and found that PDO, PGI, organic certifica-
tion, brand, and taste were important attributes that affected the pur-
chase of EVOOs. Boncinelli et al. (2016) identified groups of Italian
consumers with similar preferences using a latent class model. Results
suggested that the most important attributes for consumers were the
price, PDO and organic certification. Using a hedonic price approach,
Cacchiarelli et al. (2016) identified that the area of origin, certifica-
tion of origin (PDO/PGI), organic certification, and bottle size (smaller
sizes) affected the formation of olive oil prices in Italy. Similarly, us-
ing a hedonic price approach, Cavallo et al. (2018) identified that
origin (PDO) and territory, organic certification, taste (i.e., fruity and
pungent), and nutritional information were attributes that significantly
affected prices in Italy. Liberatore et al. (2017) through k-means
cluster analysis identified three groups of Italian consumers with sim-
ilar preferences: PDO EVOO seekers, PDO and organic EVOO seekers,
and consumers who are indifferent to quality certifications. Italian con-
sumers who were indifferent towards European quality schemes (e.g.,
PDO/PGI and organic) were also identified in the study by Carbone
et al. (2018). However, consumers valued features related to the raw
material used, production processes, the type of producer (e.g., tradi-
tional), and the production area. In Italy and the Netherlands, Cavallo
and Piqueras-Fiszman (2016) examined visual elements of packaging
that shaped healthiness evaluations by EVOO consumers. Results sug-
gested that the healthiness perceptions by consumers from both coun-
tries were enhanced by organic production, country of origin, sustain-
ability aspects, and familiarity with the product. In Greece, Vlont-
zos and Duquenne (2014) highlighted the role that socio-economic
and spatial attributes of consumer households exert on their choices
regarding not only the supply modes but also the price consumers
were willing to pay for different categories of olive oil. Results sug
gested that Greek consumers were willing to pay premium prices for or-
ganic olive oils (66.4%), and olive oils that were processed by either pri-
vate organisations or cooperatives (34.0%). In Chile, Romo-Muñoz et
al. (2015) determined the implicit values of the most relevant attrib-
utes of olive oil on the final price charged by supermarkets using a he-
donic price methodology. Results illustrated that oil acidity, the tin-can
container for imported oil and origin were the attributes that most pos-
itively influenced the final price. Another study by Romo-Muñoz et
al. (2017) analyzed consumer preferences and their WTP for EVOO at-
tributes. Results from a random parameter logit model categorized con-
sumer preferences under two regimes. In the first regime, consumers
preferred higher prices and imported EVOO in small containers, while
under the second regime Chilean olive oil in large containers was the
most preferred. Roselli et al. (2016), using an HP approach, examined
the main extrinsic quality cues (i.e., size of the container, product cat-
egory, organic certification, geographical indications, country of origin,
and brand) that affected olive oil prices in the USA. Results suggested
that quality cues, such as bottle size (smaller sizes), the EVOO type of
oil, organic, PDO and PGI, and country of origin (mainly from Italy) af-
fected prices. Finally, a more recent study by Roselli et al. (2018) in
Brazil, examined whether, and to what extent, extrinsic cues impacted
on the retail prices of olive oil by using a hedonic price approach. The
overall results showed that the retail price of olive oil was highly influ-
enced by branding, labeling, and packaging.
Based on the findings from these earlier studies, we hypothesize the
following: (H1). There is a relationship between the premium prices de-
rived from the HP model and the utility/willingness to pay estimates
from the RCE for the common attributes of both approaches (i.e., the
origin of production and the PDO quality certification).
2. Materials and methods
2.1. Data collection
The data for this research were collected in January 2015 and were
executed in two steps. The first step consisted of exploring previous stud-
ies reported in Table 1 and launching an online pilot survey (n=594)
to examine the consumption of different types of olive oils, the impor-
tance of several attributes and socio-demographic characteristics. The
results from this first step suggested that EVOO was the type of oil
most consumed in Spanish households (78.72%). Hence, this study used
EVOO as a reference because of the high familiarity among Spanish con-
sumers. In addition, findings from the literature and the online pilot sur-
vey indicated that the most important olive oil attributes for consumers,
were price, origin of production, local production and territory, and the
PDO quality certification. Results also indicated that EVOO was mainly
purchased at supermarkets (64.36%), directly from the producers/coop-
eratives (39.70%), and hypermarkets (26.52%).
The second step involved exploring the presence of EVOOs and the
availability of the attributes defined in the first step in the local mar-
ket. For that, we created a database that collected information regard-
ing EVOOs and attributes available in various hypermarkets and su-
permarkets in Zaragoza (Spain). To guarantee the representativeness of
the sample, the data were collected at the physical stores of seven dif-
ferent retail chain stores (i.e., hypermarkets, neighborhood, and dis-
count stores), which accounted for 56.4% of the sector's market share
(Montes, 2018, 2019).1 The final sample included 260 EVOOs, which
were included in the HP model, as shown in Table 2.
1 It is worth mentioning that while in countries such as the United Kingdom a hand-
ful of large operators control more than 80% of the market, in Spain the local chains and
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Table 2





EVOO price Price in €/litter
(L)
260 (100)
Bottle size Quantity in
milliliters (ml)
260 (100)





Origin of production a Indicated 132 (50.77)
Protected Designation of Origin (PDO) PDO 47 (18.08)
Organic Organic 13 (5.00)












El Arbol 11 (4.23)
Eroski 12 (4.62)
Container Plastic 121 (46.54)
Glass 112 (43.08)
Tetra Pack/Can 27 (10.39)







































Note: a We did not include levels of origin because all EVOO came from Spain. b Mean
prices per liter of EVOO. c In 2015, Alcampo was a hypermarket and Simply a neighbor-
hood store. Today these two stores have merged under Alcampo. In order not to create
confusion we merged the EVOOs under Alcampo.
EVOO prices varied depending on the size of the bottle, from a
minimum of €1.99 to a maximum of €33.86, with an average price
of €6.46/liter (L). The content varied between 250 and 5000mL (ml),
with an average of approximately 1400ml. The most common bottle
size found was 1000ml (34.62%) mainly in plastic (46.54%) followed
by 500ml (25.00%), and bottle sizes of more than 1000ml (20.38%).
The hypermarket provided 87.69% of the total number of references
followed by the neighborhood stores, with 10.39% of the EVOOs. Dis-
count stores had a lower number of references compared to hypermar-
kets, and accordingly, their contribution to the total number of obser-
vations was lower (1.92%) with respect to the neighborhood stores.
Concerning the brand name differences, records implied that EVOOs
were mostly marketed under the processors' leading brands (89.23%) in
comparison to own distributors’ private brands (10.77%). In terms of
the origin of production labels, about 50.77% of the EVOOs indicated
the origin of the oil, although without specifying whether the origin
referred to the production origin or the location of the bottling com
pany. Surprisingly, only 18.08% of the EVOO in the market bore the
PDO quality certification and about 5.00% carried organic certification.
Finally, records implied that about 40.77% of the EVOOs indicated the
olive variety on the label.
2.2. Choice experiment: product and attribute selection
The preliminary results from the literature review, the online pilot
survey, and the database suggested three attributes should be included
in the RCE design: price, the origin of production and the PDO quality
certification. We selected a 1L bottle of EVOO because of its high preva-
lence in the market and high purchase frequency by consumers. To es-
tablish the price levels, information on the EVOO sold in different super-
markets was used, and three price levels were set (3, 5 and 8€/L), con-
sidering that the average price of one 1000ml bottle was 4.20€/L, with
a minimum of approximately 3€ and a maximum of 8€.2 For the produc-
tion origin, three levels were also established: produced in the county3
(county), produced in other counties in the region (region) or produced
in the rest of Spain (Spain). Finally, PDO certification had two levels,
indicating whether or not the EVOO carried PDO certification. The at-
tributes selected for the real choice experiment and their levels are sum-
marized in Table 3.
For these attributes and levels, we generated a Bayesian efficient
design,4 with 12 possible combinations randomly divided into three
blocks. Each respondent was asked to make four choices consisting of
two designed alternatives and a no-buy option. It is worth mention-
ing that all the combinations of EVOOs presented in the choice tasks
(e.g., an EVOO from the county with PDO) were based on informa-
tion from real products existing in the marketplace. All different EVOO
bottles from the three blocks were present in the experimental room
(without the brand names). After completing the experiment, partici-
pants could see the bottles and their corresponding information, includ-
ing their brand names.
2.3. Experimental procedure
The RCE was conducted over 18 sessions, involving a total of 216
participants. Respondents were informed that at the end of the experi-
ment they would receive 15€ to purchase a bottle of EVOO at the cor-
responding price. They received clear information about the EVOOs and
the attributes presented in the different choice tasks and were asked
to choose four times between two EVOOs or the no-buy option. Visual
choice cards with different choice tasks were presented and the real
EVOO bottles with all combinations of attributes, as presented in the
choice tasks, were displayed (without brand names). The final task was
to randomly select a binding choice task and choose one out of the
choice tasks from the whole experiment. One binding scenario was se-
lected, and this would be the binding choice task for the entire session.
Respondents received 15€ to purchase the olive oil selected in the bind-
ing choice task and paid the corresponding price. Finally, participants
were asked to complete a short questionnaire regarding olive oil con-
sumption, purchase habits for EVOO and their personal characteristics.5
At the end of the experiment, participants received the chosen EVOO
from the binding scenario and had to pay the corresponding price.
2 The maximum price level excludes gourmet EVOOs with different varieties, EVOOs
that have won national and international awards, and EVOOs with both organic and PDO
labels on the same bottle.
3 An olive oil-producing county close to Zaragoza was selected.
4 To set the priors for the Bayesian specification, we used the information gathered
from pilot choice experiments. The estimated coefficient for the means and standard devi-
ations for these data were used as prior values in Ngene.
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Table 3
Extra virgin olive oil attributes and levels.
Attribute Level
Price (€/L) 3€/L - 5€/L - 8€/L
Origin of production Produced in the county (county)
Produced in other counties of the region (region)
Produced in Spain—the rest of Spain (Spain)
Designation of origin Carries the PDO certification
Does not carry the PDO certification
2.4. Econometric specifications
2.4.1. Hedonic price model
The hedonic price model comes from the theory of demand by Lan-
caster (1966), which states that consumers derive utility directly from
the characteristics that a product possesses rather than from the product
itself:
(1)
Taking into account that each consumer chooses an optimal bundle
of attributes to maximize utility, subject to a budget constraint, Rosen
(1974) further developed this theory to obtain the standard hedonic
price model:
(2)
where P is the price of a product and = is a vector of k
attributes that comprise the product.
The implicit price of an additional unit of an attribute is deter-
mined as the partial derivative of the hedonic price function with re-
spect to that particular attribute. For continuous attributes, the con-
sumer chooses the bundle where his/her indifference curve is tangent
to the price gradient, , for each attribute. Therefore, the marginal
willingness to pay for a change in an EVOO attribute is equal to the
derivative of the hedonic price function with respect to that attribute
(Costanigro et al., 2007). In our case, the characteristics of the EVOO
( ) in the market are presented in Table 4.
To estimate the implicit prices, or willingness to pay for the attrib-
utes, we must assume a functional for Eq. (2). First, the linear specifica-
tion can be considered:
(3)
where are the parameters to estimate the implicit prices or willingness
to pay. However, in the literature, other functional forms such as the
semi-logarithmic (log-lin), the logarithmic (lin-log) and the double-log-
arithmic (log-log) are frequently used. Since economic theory does not
solve the problem as to which is the most suitable functional form of
the hedonic price function, it is a decision that researchers have to make
empirically. The Box-Cox transformation approach has usually been ap-
plied for this purpose (Box and Cox, 1964). The approach nests alter-
native functional forms, by adding non-linear parameters, θ and λ on the
dependent and independent variables, respectively expressed as:
(4)
The transformation provides four possible functional outcomes: (i)
linear, when θ=λ=1; (ii) semi-logarithmic, when θ=0 and λ=1;
(iii) double-logarithmic, θ=λ=0 and (iv) linear-logarithmic, θ=1 and
λ=1. However, individual and joint tests on the Box-Cox parameters
may lead to inconclusive results.
Table 4




EVOO price Price Continuous (€ per
litter)





Origin of production a Origin 1=Indicated;
0=otherwise




Organic certification Organic 1=Yes;
0=otherwise


























( is expressed as
constant
Note: a We did not include levels of origin because all EVOO came from Spain.
According to the previous literature (Ballco and de-Magistris,
2018; Cabrera et al., 2015; Sanjuán-López et al., 2009) the Vuong
test (Vuong, 1989) may be applied to select the functional form that
best fits the data. The Vuong test determines the predicted probabilities
of two models, choosing the best values in terms of log-likelihood and
the variance estimate of their difference. For each functional form i, the
likelihood ratio is expressed as:
(5)
where l, m are one of any of the four models (m) defined by the Box-Cox
transformation and the llm is the log-likelihood function for observation
i evaluated at the parameter estimates of the model m. The Vuong test is
then given by:
(6)
where n is the number of observations. The test is normally distrib-
uted, thus, values larger than the critical (with the significance
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and Vuong ≤ indicates no significant differences between the two
models.
2.4.2. Real choice experiment modeling
Discrete Choice Experiment (DCE) is based on the Lancaster con-
sumer theory of utility maximization (Lancaster, 1966), where the to-
tal utility depends on the characteristics of the product (Eq. (1)). DCEs
are one of the most popular stated-preference methods used in consumer
behavior to investigate individuals' WTP for a certain good or service be-
cause they evaluate different attributes and levels simultaneously. More-
over, this approach is similar to a real purchasing situation where con-
sumers are asked to make trade-offs between products characterized by
different attributes (Lusk and Schroeder, 2004). DCEs provide sev-
eral hypothetical purchasing scenarios. In each scenario, participants
are asked to make choices between alternatives that represent products
with different attributes and levels with a no-buy option. The familiar-
ity of the decision mechanism in a DCE is one of the main advantages
of this approach. A limitation, however, of hypothetical DCE is that it
may lead to hypothetical bias (Murphy et al., 2005). The absence of
an economic commitment in hypothetical methods can lead to a source
of inconsistency, generally over-estimation, in individual WTP estima-
tions, as compared to non-hypothetical approaches, such as real choice
experiments. To explain, hypothetical bias is the difference between the
individuals' WTP from the hypothetical and non-hypothetical evalua-
tion methods (Bazzani et al., 2017; Carpenter and Harrison, 2004;
Murphy et al., 2005). Hence, to mitigate hypothetical bias in DCEs,
several studies implement RCEs, where one of the choice tasks is ran-
domly chosen as binding after the respondents have completed all of the
choice tasks (Alfnes et al., 2006; Bazzani et al., 2017; Chang et al.,
2009; de-Magistris and Gracia, 2014; Hamukwala et al., 2019).
In addition, real products are used, and participants have to buy the
product they choose in the randomly selected binding choice task, un-
less they choose the no-buy option. Previous research has demonstrated
that incentive compatibility in RCEs can help mitigate hypothetical bias,
providing better approximations of consumers’ actual WTP (Chang et
al., 2009; Grebitus et al., 2013; Loomis et al., 2009; Volinskiy et
al., 2009; Yue and Tong, 2009). Hence, in this research, we use an
RCE.
According to Lancaster (1966), consumers’ utility is known to the
individual but not to the researcher who observes some attributes while
the rest are treated as stochastic within the random utility model by Mc-
fadden (1974). Then, the utility is taken as a random variable where
the utility from the nth individual facing a choice among j alternatives
within choice task J in each of t choice occasions can be represented as:
(7)
where Unj is the nth consumer's utility for choosing alternative j, is
the systematic portion of the utility function that depends on and
, where is a vector of product attributes (e.g., price, origin of pro-
duction and PDO) that are observed by the analyst on choice occasion t,
are the coefficients to be estimated, and εnj is an unobserved random
term that is distributed following an extreme value type I (Gumbel) dis-
tribution Independently and Identically Distributed (i.i.d) over alterna-
tives and independent of . In our empirical specification, the utility
function includes, as explanatory variables, the product attributes in the
choice experiment, as well as an alternative-specific constant (α) repre-
senting the “A” and “B” choice alternatives. The utility function is spec-
ified as follows:
(8)
The alternative-specific constant α enters the model as a dummy
variable, taking the value of one for the designed alternatives, and zero
otherwise. The price variable represents the different price levels that
consumers face in the choice tasks. The other attribute levels enter in the
model as dummy variables (county, region and PDO). In particular, the
county and region variables were set equal to one if the EVOO was pro-
duced in this geographical area, and zero otherwise. In the same way,
the PDO attribute is coded as one if the olive oil has this certification,
and zero otherwise. The remaining variables are specified as in Eq. (7).
Traditionally, based on Mcfadden (1974), a multinomial logit
(MNL) model assumes that consumers have homogeneous preferences
in terms of taste. However, to relax this assumption and allow that
consumer preferences are heterogeneous in taste, more flexible discrete
choice models, such as the Random Parameter Logit (RPL) model could
be specified. The RPL model allows for random taste variation across in-
dividuals, through the distribution of random parameters; it relaxes the
assumption of independence from irrelevant alternatives and allows for
correlation among unobserved factors over time (Train, 2003). As re-
sult, the RPL model was applied. Since our choice experiment consists of
two designed alternatives and a no-buy option, correlation across utili-
ties likely exists. This correlation can be generated because the no-buy
option is experienced by the consumer in a real-life setting while the ex-
perimental alternatives are designed by the researcher and vary across
choice tasks. In other words, the experimentally designed alternatives
could share an extra error component that is not presented in the utility
of the experienced alternative (Scarpa et al., 2007). To take this extra
variance of experimentally designed alternatives into account, an addi-
tional error component in the RPL model must be included, resulting in
an error component random parameter logit (EC-RPL) model. This ap-
proach has been used successfully in several empirical applications be-
cause it is parsimonious (it only requires one extra parameter) and im-
proves the model fit (Campbell, 2007; Hess et al., 2009; Scarpa et
al., 2007; Scarpa et al., 2008). Thus, we also estimate an error com-
ponent random parameter logit (EC-RPL) model. An EC-RPL is estimated
to take into account the shared extra error component that is not pre-
sent in the utility of the experienced alternatives (Scarpa et al., 2007).
Therefore, we also specify an EC-RPL model, assuming correlation across
taste parameters (Scarpa and Del Giudice, 2004). To better under-
stand consumer valuation patterns, marginal WTP estimates are also cal-
culated.
In this context, the marginal WTP is the price change associated with
an increase in a given attribute and can be calculated as the negative ra-
tio of the partial derivative of the utility function with respect to the at-
tribute of interest, divided by the derivative of the utility function with
respect to the price variable, represented as:
(9)
3. Results
3.1. Hedonic price analysis
The first step includes the estimation of the Box-Cox price regression
(Eq. (4)) using the variables in Table 4 and estimated with STATA 10.0.
The second step estimated testing of the possible equation specifications.
Table 5 provides the results of this test, indicating that three possible
functional forms are not rejected.
In addition, we also applied the Vuong test (Table 6) to finally
select the best functional form. The results of the Vuong test indi-
cate that both the semi-logarithmic (log-lin) and the double-logarithmic




















LR-statistic chi 2 (p-
value) Result
Log-lin 0 1 0.04 (0.84) Not Rejected
Lin-log 1 0 2.98 (0.08) Rejected
Lin-lin 1 1 0.02 (0.89) Not Rejected
Log-log 0 0 −8.86 (1.00) Not Rejected
Table 6
Vuong's test results.
Ho: Vuong Statistic Accepted form
Log-lin vs. lin-log −81.36* Log-lin
Log-lin vs. lin-lin −0.00 –
Log-log vs. log-lin −2.63* Log-log
Log-log vs. lin-log −0.00 –
Lin-log vs. lin-lin −0.00 –
Lin-lin vs. log-log −0.00 –
Note: *Indicates the values are higher or lower than the critical values of 1.96 and −1.96
respectively, rejecting the null hypothesis of no-differences among functional forms.
best specification is the double-logarithm (log-log), additional statisti-
cal parameters have been performed to verify which of the functional
forms best fits the model. The log-likelihood values indicated that the
double-logarithmic functional form was superior (−439.42) to the other
alternative (−443.94). Moreover, Goodness-of-fit (R2) (0.64) and the ad-
justed R2 of (0.62) were higher and significant (F-statistic<0.01) while
the Akaike and Schwarz information criterion was lower than the log-lin
model, respectively. In addition, the double-logarithmic form shows no
problem with the normality of residuals (probability of Jarque-Bera sta-
tistic of 0.00).
The Heteroscedasticity was tested using the Breusch-Pagan-Godfrey
and White test statistic and the null hypothesis for the homoscedasticity
in the error term was rejected (probability F-statistic 0.00), which in-
dicates heteroscedasticity problems. White's robust estimation strategy
to obtain the parameter standard errors was used to solve this problem.
Estimation results for the double-logarithmic functional form are pre-
sented in Table 7.
The only continuous variable (quantity) was negative and statisti-
cally significant at 1% with a coefficient of −0.08. Taking into account
the double-logarithmic form of the equation, the coefficient of a contin-
uous variable such as quantity can be directly interpreted in terms of
elasticities. Hence, a negative and less than one coefficient means that
an increase in the total amount of the product contained in the package
leads to a less-than-proportional decrease in its price. This result is ex-
pected since a discount on a unit price is usually given when a larger
quantity of product is purchased. The remaining variables in the hedonic
price model are introduced as dummy variables. Considering this, the
coefficient of a dummy variable can be transformed into the percentage
change in price6 due to the presence of a given quality attribute (mar-
ginal effect).
The different type of chains where the EVOO is sold significantly
affected product prices, and in particular the hypermarkets (Hipercor
+34.99 and Carrefour +10.52) compared to most neighborhood and
discount stores. When investigating the other extrinsic characteristics of
EVOO, the leading brand in comparison to the own distributors’ private
brand also showed a substantial influence on price (+32.31%). In ad-
dition, the olive variety and indication of the EVOO origin of produc
6 The following formula was applied: % change={exp (coefficient)−1}.
Table 7
Results from the hedonic price model.
Hedonic price model
Coefficient Standard Error Marginal effect (%)
Constant (α) 1.90*** 0.31 –
Quantity −0.08*** 0.04 −7.69
Retail chains
Carrefour 0.10* 0.05 +10.52
Hipercor 0.30*** 0.06 +34.99
Mercadona −0.02 0.15 NS
El arbol 0.12*** 0.06 +12.75
Alcampo −0.02 0.06 NS
Eroski −0.01 0.08 NS
Quality labels
Brand-Leader 0.28*** 0.06 +32.31
Olive variety 0.09* 0.05 +9.42
Origin of production 0.08* 0.05 +8.31
PDO 0.05 0.06 NS
Organic 0.12** 0.07 +12.75
Packaging material
Glass 0.20*** 0.09 +18.13
Plastic −0.41*** 0.07 −33.63
Note: NS indicates the values are not statistically significant.
tion on the label had a significant effect on EVOO prices. In particular,
the presence of the olive variety received a premium price of +9.42%
and the origin of production received a premium price of +8.31% with
respect to EVOOs without these indications. Organic certification was
another important quality cue affecting EVOO prices. Organic oils had a
premium price of +12.75% compared to conventional products. Unex-
pectedly, the PDO certification did not affect the EVOO market prices.
In terms of packaging material, the EVOO prices were positively affected
by the glass container type (+18.13) compared to the negative valua-
tion of the plastic container (−33.63).
3.2. Consumer utility and WTP estimations
The experiment was conducted during February 2015 in Zaragoza,
Spain - a location widely used by food marketers and consulting compa-
nies since the socio-demographics are representative of the Spanish pop-
ulation census (see Appendix A, Table A1). The sample of participants
was randomly selected based on gender, age, and education. Table 8
shows the characteristics of the final sample of respondents. Most re-
spondents were female (68%), which is expected since women in Spain
still primarily take care of the household food shopping, and the target
population was the primary food purchasers. Concerning age and edu-
cation, it is observed that our sample is similar to the population, with
approximately 25% of respondents aged between 35 and 44 years, and
over 40% aged over 55 years. Around 50% of the sample had secondary
education.
Results from the EC-RPL with correlated errors are presented in
Table 9. All estimations were conducted using NLogit 5.0 (Economet-
ric Software, Inc. – USA and Australia). Assuming homogenous pref-
erences, we first estimated an MNL model. To relax this assumption
and allow heterogeneous preferences across individuals, an RPL was
estimated, which takes into account that each individual made four
choices (Train, 2003). Given that the design alternatives might have
a higher utility variance compared with the no-buy alternative, we es-
timated an EC-RPL. Finally, assuming that taste parameters could be
correlated, we estimated an EC-RPL with correlated errors. Comparing
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Primary education 18.35% 24.88%
Secondary education 44.50% 47.64%
University education 37.16% 27.48%
Note: a Provisional data obtained from the Spanish Statistical Institute (INE) register, 1
January 2015 (www.ine.es). b (OECD - Organization for Economic Cooperation and
Development, 2014).
tained the best fit7 according to the log-likelihood, the pseudo-R2 and
the Akaike Information Criterion (AIC). Hence, we will only discuss the
estimates of the EC-RPL with the correlated error model below. For the
model estimations, we used Halton draws rather than pseudo-random
draws, since Halton draws provides more accurate simulations (Train,
2003).
As expected, the α is negative and statistically significant, indicating
that consumers gain a lower utility from choosing any alternative than
the no-buy option.8 The results from the EC-RPL with correlated errors
model indicated that the price coefficient was negative and statistically
significant in accordance with economic theory. Participant utility in-
creased when an EVOO carried the PDO quality certification in compar-
ison to one that did not. In terms of origin of production, a higher utility
was obtained when the EVOO was produced in the county and the re-
gion in comparison to an EVOO from the rest of Spain.
The standard deviations for the three dummy variables (county, re-
gion, and PDO) were statistically significant, indicating unobserved het-
erogeneity in taste preferences across participants. Moreover, the hy-
pothesis of correlation across utility is corroborated, since the error com-
ponent for the alternative specific constant (sigma) is statistically signif-
icant.
Finally, the results from the marginal WTP estimates indicated that,
on average, consumers were willing to pay an additional price premium
of 2.13€/L for an EVOO that carried the PDO certification compared to
one without this indication. In the same way, participants were willing
to pay an additional premium of 1.51€/L for an EVOO that was pro-
duced in the county, and 1.27€/L for an EVOO produced in the region
relative to an EVOO from the rest of Spain.
4. Discussion
This study combined an HP approach with an RCE to examine
whether there is a relationship between the value of quality attributes in
the market place based on price derived from a hedonic price approach,
and the value of the attributes based on consumer utility derived from a
real choice experiment.
7 Available from the authors upon request.
8 The percentage of participants who chose the no-buy option is small and lies be-
tween 18.06% for the first choice task, 30.56% for the second choice task, 32.41% for the
third choice task, and 21.76% for the fourth choice task.
The results from the HP approach suggested that EVOO prices were
positively affected by leading brands mostly purchased at hypermarkets
in comparison to private store brands purchased at most neighborhood
and discount stores. This is an expected result since the brand variability
in hypermarkets is higher than in neighborhood and discount stores. In
particular, while in hypermarkets the presence of private store brands
did not exceed 34.1%, the percentage of private brands in neighbor-
hood and discount stores rose to 56.6% in 2017 (San Esteban, 2017).
The association that may cause consumers to react skeptically to pri-
vate store brands in some categories might be related to the associa-
tion between their lower cost/lower quality positioning with respect to
other products (Del Vecchio, 2001; Karipidis et al., 2005). The pos-
itive premium that the indication of olive variety had on price provides
evidence that the EVOO sector has indeed increased in differentiation.
Consumers’ knowledge has also increased, because depending on the
olive variety (Arbequina, Picual, Hojiblanca) consumers can form expec-
tations regarding the taste of the EVOO (i.e., fruity, pungent, etc.). This
result is in line with Cabrera et al. (2015) who illustrated the impor-
tance given to the olive variety in Spain. In terms of container materials,
results show that a plastic container was valued negatively in compar-
ison to a glass container, which received a premium price. Overall, a
plastic container is associated with a lower quality product when com-
pared to a glass container, especially for olive oil (Cabrera et al., 2015;
Rosa et al., 2013).
Although there were relatively few organic olive oils in the Spanish
market, results showed that this certification was an important quality
cue that positively affected EVOO market prices. This result is in con-
trast with Torres-Ruiz et al. (2018) and Yangui et al. (2016) who
reported consumer disutility for organic certification, and in line with
other previous researchers who have suggested that organic certifica-
tion adds value to olive oils (Bernabéu and Díaz, 2016; Boncinelli et
al., 2016; Cacchiarelli et al., 2016; Cavallo et al., 2018; Cavallo
and Piqueras-Fiszman, 2016; Del Giudice et al., 2015; Liberatore
et al., 2017; Roselli et al., 2016, 2018; Vlontzos and Duquenne,
2014). Unexpectedly, the European PDO quality certification did not af-
fect the market prices of EVOOs in Spain. This result is in line with pre-
vious research by Carbone et al. (2018) in Italy who found negative
effects on price for olive oils with PDO, and Cabrera et al., 2015 in
Spain who found no influence on price for EVOOs with PDO. Contrary
to the PDO quality certification, the presence of production origin on
the label had a positive influence on EVOO prices. As extensively shown
by other authors, the origin of production is one of the most important
aspects for many consumers of EVOOs (Ballco et al., 2015; Cabrera
et al., 2015; Fotopoulos and Krystallis, 2001; Jiménez-Guerrero
et al., 2012; Romo-Muñoz et al., 2017; Sottomayor et al., 2010;
Yangui et al., 2014).
In terms of consumer utilities, participants obtained the highest util-
ity from the PDO quality certification followed by the county and re-
gional origin of production, in comparison to an EVOO coming from the
rest of Spain. These results appear to be consistent with the previous lit-
erature that explored consumer utility for olive oils and found high util-
ities for the PDO quality certification (Ballco et al., 2015; Boncinelli
et al., 2016; Panico et al., 2014; Yangui et al., 2016), and the ori-
gin of production (Ballco et al., 2015; Romo-Muñoz et al., 2017;
Yangui et al., 2014).
In terms of whether there is a relationship between the premium
prices derived from the HP model and the utility/willingness to pay
estimates from the RCE for the common attributes (H1), we show
that one of the attributes (i.e., origin of production) received premium
prices and positive utilities by consumers, while the other one (i.e.,
PDO certification) affected only utilities, but not the EVOO prices on
the market. In other words, consumers were willing to pay an addi-
tional price premium for PDO certification but the market prices for
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Table 9
Results from the random parameter logit with correlated errors (EC-RPL).
Attributes Random parameters in utility function Standard deviation of parameters distribution WTP (€/litter)
Mean estimation Z-ratio Coefficient Z-ratio Mean estimation Z-ratio
Constant (α) 3.67*** 8.70 – – – –
Price −0.89*** −12.92 – – – –
County 1.34*** 5.33 0.81*** 2.12 1.51*** 4.06
Region 1.13*** 4.48 0.98* 1.56 1.27*** 4.35
PDO a 1.90*** 8.77 1.27** 2.19 2.13*** 7.13
Sigma 2.04*** 7.49 – – – –
Summary Statistics
N. of observations 864





Note: ***, **, and * denote significance at the 1%, 5%, and 10% levels, respectively.
ent. One reason for this mismatch is explained by Levitt (1960) in his
ground-breaking article “Marketing Myopia” where he argued that firms
tend to have a narrow view of themselves, the market, and their role
in the market. Firms acknowledge the existence of the consumer en-
vironment and preferences; however, they do not pay it the attention
it deserves. As a result, they fail to capture shifts in consumer values
and lifestyles. Based on Levitt's analysis, the food industry struggle to
fulfill consumer expectations may come in part from a lack of insight
into temporal shifts in consumers' everyday lives (Levitt, 1960; Wik-
ström et al., 2016). These changes are also reflected in the olive oil
empirical evidence of Carbone et al. (2018) in Italy, Sayadi et al.
(2016) in Spain, and Vlotzos and Duquenne (2014) in Greece, who
demonstrated new trends in consumption and purchasing decision cri-
teria, such as local and typical attributes, and environmental as well as
ethical issues.
Hence, while we maintain that PDO certification is an important at-
tribute that helps consumers differentiate the quality of an EVOO, at a
regional level where the local producers are well known, this attribute
does not add any value to the prices of EVOOs in the market. This result
is in line with Cabrera et al. (2015) for EVOO in Spain, who showed
that the local origin of production label had positive effects on prices in
comparison to PDO certification which did not affect the price. In ad-
dition, this result was also highlighted by Marcoz et al. (2016), who
suggested that PDO quality certification has higher value the further the
consumer is from the area of production.
5. Conclusions and limitations
Overall, the results did not find a direct relationship for the two
common attributes (the origin of production and the European qual-
ity certification PDO) between the premium prices derived from an HP
market valuation and the utilities derived from an RCE. However, the
presence of production origin on the label positively influenced EVOO
prices and, in the same way, consumers were willing to pay a price pre-
mium for local origins. On the other hand, this relationship was not
found for PDO certification, because although consumers were willing
to pay a price premium for the PDO EVOO, the presence of a PDO
on the bottle sold on the market did not influence EVOO prices. Con-
sumer behavior for a typical product, such as an EVOO that is con-
sumed on a regular basis, appears to be stable but, in reality, faces con-
stant changes in differentiation. The most influential attributes in terms
of utility and WTP estimates found were the origin of production (i.e.,
county and region) for EVOOs, and PDO quality certification. In the
market, the attributes that influenced EVOO prices were labels that in
dicate the olive variety, organic certification, origin of production, sold
in glass containers and in establishments with a high variety of leading
brands.
A limitation of this research is that the sample used was based on
products available at the main supermarket chains where consumers
habitually purchase their entire food basket, but it did not take into
account specialized establishments such as delicatessens and gourmet
shops. For this reason, in addition to the selected price range, other in-
teresting attributes such as nutritional and health claims, and additional
EVOOs with organic and other PDO labels, might have been neglected.
Secondly, the geographical area in which the study was applied was re-
stricted (Zaragoza - Aragon). It would be interesting to compare the re-
sults obtained in other areas of influence, and with other PDO virgin
olive oils with similar characteristics. Finally, the HP approach assumes
a state of perfect competition, when in reality there are a large number
of small cooperatives competing with large private firms and distribu-
tion companies that may be acting as oligopolies.9
Even with its limitations, this research presents several practical im-
plications. The results of this study may be of use in the design of differ-
ent strategies to boost demand according to the premium prices attached
to the quality attributes of both methodologies. EVOO companies should
be willing to differentiate their products taking into account those at-
tributes that affect prices in the local market and also consider consumer
utilities for the EVOOs sold outside the region and to international mar-
kets. Similarly, those producers who want to gain competitive advan-
tages, should not be satisfied by just offering products to the market, but
should strive to create value for each customer specifically. The more
distinctive and inimitable a product is, the more likely the company is
to gain loyal customers. Furthermore, consumer awareness about olive
variety and clear identification of production origin should encourage
producers to develop new products based on single olive varieties char-
acterized by different sensory attributes.
Declaration of competing interest
None.
Appendix A.
9 Around 80% of the total olive oil sold in the Spanish market is managed by only six
companies that highlight the symmetry of the market (Cabrera et al., 2015; MAPA -
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Table A1
Population by sex and age in Spain and town
Total Gender a Age a
Female Male 18–34 35–44 45–54 55–64
More
than 64
Spain 46,624,382 50.90 49.10 24.12 20.62 18.56 14.32 22.38
Town 956,006 50.90 49.10 22.34 20.13 18.29 14.68 24.56
Source: Spanish Census of Population, 2015) www.ine.es. a Expressed in percentages.
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